Abstract-The main aim of this paper is to develop a generalized decision system using rough set theory and fuzzy distance based approach for the determination of most saleable product in any commercial store. An information system has been presented in this article which consists of various factors like the price, stock available, discount rate available and the quality of the product which are essential for the evaluation of most saleable product. Rough set theory has been applied to generate fuzzy decision rules and hence to obtain the basic requirement criteria for the sale of the products. The customers have stated their opinion about the respective products that he or she has purchased linguistically. A relationship has been established between the purchased products of the respective customers and the customer opinions about the corresponding products using the fuzzy subset representation. The index of fuzziness of various customer opinions are measured and compared. Finally, a decision system has been developed using fuzzy distance approach for finding the most saleable product of the commercial store.
I. INTRODUCTION
Rough set theory was developed by Z. Pawlak [4] , [7] on the assumption that with each object of the universe of discourse we associate some information, and the objects can be "seen" only through the accessible information. Hence, the object with the same information cannot be discerned and appear as the same. These results, thatindiscernible object of the universe forms clusters of indistinguishable objects which are often called granules or atoms.These granules are called elementary sets or concepts, and can be considered as elementary building blocks of knowledge. Elementary concepts can be combined into compound concepts, i.e. concepts that are uniquely defined in terms of elementary concepts. Any union of elementary sets is called a crisp set, and any other sets are referred to as rough (vague, imprecise). Consequently, each rough set has boundary-line cases, i.e., objects which cannot be with certainty classified as members of the set or its complement. Obviously crisp sets have no boundary-line elements at all. This means that boundary-line cases cannot be properly classified by employing the available knowledge. The main goal of rough set theoretic analysis is to synthesise approximation (upper and lower) of concepts from the The Author is currently with Dr. B.C Roy Engineering College, Durgapur, West Bengal, India as Sr. Lecturer of Computer Science & Engineering department.(e-mail:ss_sarkar2000@yahoo.co.in) acquired data. While fuzzy set theory assigns to each objects a grade of belongingness to represent an imprecise set, the focus of rough set theory is on the ambiguity caused by limited discernibility of objects in the domain of discourse. However, the rough set theory has been successfully applied to solve many real-life problems which involves decision making approaches [8] , [9] . The main advantage of rough set theory is that it does not need any preliminary or additional information about data like probability in statistics and the grade of membership or the value of possibility in fuzzy set theory. It has been found by investigation that hybrid systems which consist of different soft computing tools combined into one system often improve the quality of the constructed system. Recently, rough sets and fuzzy sets have been integrated in soft computing framework, the aim being to develop a model of uncertainty stronger than either [6] . Therefore, Rough-fuzzy Hybridization decision systems have a significant potential. In this paper, Rough-Fuzzy hybridization has been used to develop a decision system for finding the most saleable product in any commercial store. In commercial stores, due to huge availability of different categories of products it is very difficult to trace or monitor the amount of sale of each product. An on-line feedback system is usually available where the customers are given opportunity to give the feedback about each product that he/she has purchased. Depending upon the feedback available from the customers the management authorities of the store gather information . Discernibility of the granulated objects in terms of attributes is then computed in the form of discernibility matrix. Using Rough set Theory, a number of decision rules are generated from the discernibility matrix which in turn forms the basic requirement criteria for the sale of the products. The customers have stated their opinion about the respective products that he/she has purchased linguistically. A fuzzy opinion matrix has been formed and the existing statistical decision making methods has been extended to derive a fuzzy decision set using Hurwicz's rule from which the product with higher grade of membership has to be selected.
II. ROUGH SET THEORY
Let us present some of the basic concepts of Rough set theory which are related to this paper. For more details, one may refer to [4] and [5] .
A. Information Systems
An Information system can be viewed as a pair Ŝ=<U, A>, or a function ƒ: U × A→V, where U is a non-empty finite set of objects called the Universe, A is a non-empty finite set of attributes, such that a: U→ V a for every a ∈ A.
The set V a is called the value set of a.
In many applications, there is an outcome of classification that is known. This is a posteriori knowledge is expressed by one distinguished attribute called decision attribute, the process is known as supervised learning. Information systems of this kind are called decision systems. A decision system is any information system of the form Â= (U, A ∪ {d}), where d ∉ A is the decision attribute.
The elements of A are called conditional attributes or simply conditions. The decision attribute may take several values though binary outcomes are rather frequent. An Information (decision) system may be represented as an attribute-value (decision) table, where the rows are labeled by objects of the universe and columns by the attributes. Â = (U,{Price, Stock Available, Discount rate Available, Quality} ∪ {Decision}) for the sale of the products in any commercial store.
B. Indiscernibility and Set Approximation
A decision system (i.e. a decision table) expresses all the knowledge available about a system. This table may be unnecessarily large because it is redundant in at least two outcome attribute, i.e. they belong to the same class. It may happen, however, that a concept "Loss" in Table1 cannot be defined crisply using the available attribute. It is here that the notion of rough set emerges. Although we cannot delineate the concept crisply, it is possible to delineate the objects which definitely "belong" to the concept and those which definitely "do not belong" to the concept. Let Â= (U, A) be an information system and let B ⊆ A and X ⊆ U. We can approximate X using only the information contained in B by constructing the B-lower and B-upper approximations of X, denoted as B X and B X respectively, where
objects in B X can be certainly classified as the members of X on the basis of knowledge in B, and the objects in B X can only be classified as possible members of X on the basis of B. This is illustrated in Fig 1. If B={Price, Stock Available} and X is the concept Loss, then: B X={x 2, {x 3, x 8 }, x 5 } and B X={x 2, {x 3, x 8 }, {x 4, x 6 }, x 5 }. The set BN B (X) = B X ⇔ B X is called the B-boundary region of X and thus consists of those objects that we cannot decisively classify into X on the basis of knowledge of B. Thus, a set is said to be rough if the boundary region is non-empty otherwise crisp (boundary region is empty).
C. Reducts
Indiscernibility relation reduces the data by identifying equivalence classes, i.e. objects that are indiscernible, using the available attributes. Only one element of the equivalence class is needed to represent the entire class. Reduction can also be done by keeping only those attributes that preserve the indiscernibility relation and, consequently, set approximation. So, one is, in effect, looking for minimal set of attributes taken from the initial set A, so that the minimal set induce the same partition on the domain of A. In other words, the essence of the information remains intact and the superfluous attributes are removed. The above sets of attributes are called reducts. Intersection of all reducts is called the core. Reducts have been clearly characterized in [5] by discernibility matrices and discernibility functions. Let us consider U={x 1, …,x n }and A={a 1 ,…..,a n } in the information system Ŝ=<U, A>. By the discernibility matrix M (Ŝ) of Ŝ is meant an n × n-matrix (symmetrical with empty diagonal) with entries C ij Ŝ as follows:
A discernibility function ƒ Ŝ is a function of m Boolean variables a 1 ,…., a m corresponding to the attributes a 1 ,….,a m respectively, and defined as follows:
where ∨ C ij is the disjunction of all variables a with a∈ C ij . It is seen in [5] that {a 1 ,….,a m } is a reduct in Ŝ if and only a i1 ∩ ….. ∩ a ij is a prime implicant (constituent of the disjunctive normal form) of ƒ Ŝ.
D. Decision Rule Generation [18]
The Principle task in the method of rule generation is to compute reducts relative to a particular kind of Information system, i.e., the decision system. Let us consider Ŝ=<U, A> [3] , and for more details about the Fuzzy Distance Based Approach one may refer to [13] , [14] , [17] & [22] . It can be seen from the Table 2 (a) that though the decision attribute is profit but the various factors (attributes) that are taken into consideration like Price, Stock Available, Discount rate Available and Quality of the products have been stated imprecisely and are linguistic in nature. Consequently, these factors play a vital role for the evaluation of the most saleable product. Fuzzy decision making approach can be effectively utilized to tackle such problems where the information have not been stated precisely. Fuzzy approach is based on the premise that the key elements in human thinking are not just numbers but can be approximated to tables of fuzzy sets, or, in other words, classes of objects in which the transition from membership to non-membership is gradual rather than abrupt. In the ordinary set representation, if any product having high discount rate, the grade for that particular product's discount rate will be 1, otherwise 0. In fuzzy subset representation instead of giving abrupt values 1 or 0; gradual relative values have been given according to the availability of that particular product's discount rate. The basic requirements for the sale of the products have been stated imprecisely. It is given in Table 4 . Fair: 1/0.2 + 2/0.4 + 3/0.6 + 4/1.0 With the above fuzzy subset representation, a decision system has been developed using the fuzzy distance approach and fuzzy opinion matrix to find the most saleable product in any commercial store. The customers give their opinion about the respective products that he/she has purchased linguistically. A fuzzy opinion matrix has been formed where the four customers gave their fuzzy opinion against the four products that he/she has purchased with respect to the factors Stock Available. It is given in Figure 2 . The fuzzy Hamming distance between the basic requirement set of the sale of the products and the customer's opinion set for each product with respect to each factors has also been estimated. Where the symbol stands for: MS -More than Sufficient, S -Sufficient, LS -Less than Sufficient, IS -Insufficient and C 1 , C 2 , C 3 , C 4 are the Customer's opinion to the respective products P 1 , P 2 , P 3 , P 4 that he /she has purchased from the store. The fuzzy subset representation of these Linguistic terms has already been stated. The overall opinion about each product can be obtained by taking the intersection between customer opinions for that particular product. The overall opinions of customers with respect to the factor Stock Available are as follows: [16] between the above two sets is given as:
If the fuzzy opinion set is as close as to the basic requirement set, the Hamming distance will be very less. Similarly, The Hurwicz decision set based on:
Price: F = ν (F S, F P, F dr , F Q ) = 1/0.68 + 2/0.72 + 3/0.56 + 4/0.68 From the above decision set, product P 2 has the highest grade of membership. It is observed that product P 2 has exactly fit into the basic requirement set essential for the sale of the products and hence may be selected as the most saleable product of the store.
The Index of fuzziness can be defined with respect to the relative Hamming distance is defined as:
Index of Fuzziness, γ = 2.0/n * Δ (F S , O 1 ) Where O 1 ≡ Ordinary subset nearest to fuzzy subset F S n ≡ Total number of elements contained in fuzzy Hurwicz opinion set Similarly, the indices of fuzziness have been estimated for the overall opinion of the customers with respect to the various requirement factors and found to be approximately equal to 0.7
IV. CONCLUSION
This paper describes a technique for finding the most saleable commercial product based on Rough-Fuzzy Hybridization. The Rough Set Theory identifies the relationships that would not be found using statistical methods and also allows both quantitative and qualitative data that offers straightforward interpretations to obtain results. Rough set approach to data analysis is characterized by means of approximations, or equivalently by decision rules induced by the data which are presented in the form of decision table. This paper is no more an exceptional case. Here, also we have presented a decision table Store Table1 consisting of various attributes which play a key role in decision making analysis. In this paper, rough set theory has been applied to obtain the basic requirements for the sale of the products. Then, the basic requirements of the products and the customer's opinion about the purchased products are considered as fuzzy variables since the attribute values of the various conditional attributes in the decision table are Linguistic in nature. A fuzzy decision system has been developed using fuzzy distance and fuzzy opinion matrix approaches. A fuzzy decision set has been formulated which indicates the relative merits of all products from which a particular product with highest grade of merits has to be selected.
